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Abstract 

Introduction: Atherosclerosis is a systemic disorder. It is a frequent leading cause 
of coronary artery disease (CAD). Similarly, atherosclerotic vascular alterations 
could lead to testicular arterial blood flow reduction and impairment of testic- 
ular function with age. Inhibin-B has been validated as a valuable serum mark- 
er of testicular functions and its correlation with testicular volume was shown 
in some studies done before. The purpose of this study is to investigate the 
association between serum inhibin-B levels and CAD in elderly men. 
Material and methods: Between March 2009 and March 2010, fifty-two 50-80- 
year-old consecutive patients with Gensini score over 20 and ejection fraction 
(EF) > 50% were included in the study as the CAD group. Fifty healthy men with- 
out any cardiac disease history were recruited as the control group. All patients 
in the CAD group who had indications for coronary artery angiography under- 
went selective coronary artery angiography. 

Results: Inhibin-B, total testosterone and testicular volume levels were found 
to be significantly lower in the CAD group in comparison with the control group 
(p = 0.004, p < 0.0001, and p = 0.001 respectively). 

Conclusions: In this study, although no correlation was found in CAD patients 
between Gensini score and inhibin-B or testicular volume, inhibin-B levels and 
testicular volume were significantly lower in patients with CAD than in healthy 
men. In order to fully assess the relationship between serum inhibin-B levels 
and CAD, multi-centered prospective and longitudinal studies must be done in 
elderly male patients. 
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Introduction 

Atherosclerosis is a systemic disease that affects the whole vascular 
system. It is the most common form of arteriosclerosis and is defined as 
the hardening of small arteries and arterioles. The most important disease 
caused by atherosclerosis is coronary artery disease. Coronary artery dis- 
ease (CAD) is the end result of the accumulation of atheromatous plaques 
within the walls of the coronary arteries and it is the leading cause of 
death worldwide. In the U.S. 13 million people die from CAD every year [1]. 
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Several studies have shown that atherosclerosis is 
an important factor for the development of erectile 
dysfunction (ED) [2, 3]. Smaller penile arteries suf- 
fer from obstruction earlier than the larger coro- 
nary arteries, so ED can be symptomatic before 
a coronary event [4]. In addition, atherosclerotic vas- 
cular alterations could lead to testicular arterial 
blood flow reduction and impairment of sper- 
matogenesis [5]. Systemic arteriosclerosis is in- 
volved in the decline of testicular function with 
age [6, 7]. Testicular parenchymal fibrosis is asso- 
ciated with defective vascularization of the testic- 
ular parenchyma and with systemic arteriosclero- 
sis of affected men. These findings were supported 
by arteriographic patterns of the epididymis and 
the testis which correlate with the degree of sys- 
temic arteriosclerosis [7]. It seems possible that the 
degree of pathological change in the testicular 
arteries can be negatively correlated with the 
degree of spermatogenetic reduction [5]. Also, age- 
related moderate decrease in testicular volume 
reflects a decrease in Sertoli cellular mass [8]. 

Inhibin-B has been validated as a valuable serum 
marker of Sertoli cell function and spermatogene- 
sis [9-11] and also its correlation with testicular vol- 
ume has been reported [8]. In the light of informa- 
tion mentioned above, we developed a hypothesis 
that systemic atherosclerosis can lead to narrowing 
of testicular arteries before coronary arteries as in 
the penile arteries. Decreased testicular blood sup- 
ply can lead to decrease in testicular volume and/or 
serum inhibin-B levels. According to our theory, 
atherosclerosis can cause CAD and decreased inhib- 
in-B levels in elderly male patients, so we can say 
that there is a relation between inhibin-B and CAD. 

There have been no studies done before about 
the association between inhibin-B and CAD. The 
purpose of this study is to investigate the relation- 
ship between serum inhibin-B levels and CAD in 
elderly males. 

Material and methods 

Between March 2009 and March 2010 we 
designed our study as two groups. In the first group 
we performed coronary angiography according to 
the treadmill test in the 52 consecutive male 
patients who had coronary symptoms and tradi- 
tional risk factors for CAD including age, hyperten- 
sion, dyslipidemia, smoking habit and family his- 
tory and this group was named as the CAD group 
(age range: 50-80 years). Patients with Gensini 
scores lower than 20 points after coronary angiog- 
raphy and ejection fraction (EF) < 50% after echocar- 
diography were not included in the CAD group. In 
addition, 50 asymptomatic men who had no risk 
factors for CAD or indications for coronary angiog- 
raphy according to the treadmill test were recruit- 
ed as the control group (range: 50-80 years). Exclu- 



sion criteria included the following: hepatic 
dysfunction, diabetes mellitus, malignancy, endo- 
crine diseases, left ventricular dysfunction (left 
ventricular EF < 50%), unstable angina pectoris and 
myocardial infarction, valvular heart disease and 
obesity (BMI > 30 kg/m 2 ). 

In addition to the impracticality of obtaining 
semen samples from large numbers of elderly men, 
the use of semen analysis in epidemiological stud- 
ies is hampered by technical problems [12, 13]. For 
similar reasons, we used testicular volume and 
inhibin-B levels in assessing testicular function in 
our study. Fasting morning blood samples were tak- 
en from patients between 08.00 and 09.00 am from 
an antecubital vein. Inhibin-B was analyzed by 
using ELISA (sandwich enzyme-linked immuno-sor- 
bent assay, Uscn Life Science Inc., Wuhan, China). 
Total testosterone levels were measured by enzyme 
immunoassay with the Roche Diagnostic total 
testosterone kit (Cobas c 501, Roche Diagnostic, 
Hitachi, Japan). Follicle-stimulating hormone (FSH) 
and luteinizing hormone (LH) were analyzed using 
chemiluminescence assays (Immulite 2000, USA). 
Fasting blood glucose, total cholesterol and high- 
density lipoprotein (HDL) cholesterol were meas- 
ured by different laboratory techniques. Measure- 
ment of low-density lipoprotein (LDL) cholesterol 
levels were calculated using the formula as de- 
scribed by Friedewald et al. [14]. 

Testicular dimensions were measured by using 
ultrasonography with a 7.5-MHz probe (GE logiq 
5 pro) in accordance with the published criteria of 
Behre et al. [15]. The testicular volume was calcu- 
lated using the following formula: V = n/6 x L * D 2 , 
where V/ = testis volume, L = maximal length of the 
testis, and D = maximal diameter of the testis. The 
mean testicular volume was calculated as the sum 
of the right and left testis volumes divided by two. 
Exclusion criteria for this measurement and inhib- 
in-B level included the following: cryptorchidism, 
testicular torsion, orchitis, unilateral severe atroph- 
ic testes, orchidopexy history and varicocele. Also 
patients with infertility, hypogonadism and che- 
motherapy or radiotherapy history were excluded. 

Cardiac catheterization and determination 
of the severity of coronary artery stenosis 

All patients in the CAD group who had indica- 
tions for coronary artery angiography underwent 
selective coronary angiography. The Judkins system 
was applied for cannulation of the left and right 
coronary arteries following femoral artery cannula- 
tion. Stenotic lesions in all major epicardial coro- 
nary arteries including left main (LMCA), left ante- 
rior descending (LAD), circumflex (Cx), and right 
coronary (RCA) arteries were assessed. The sever- 
ity of coronary artery disease was classified accord- 
ing to the Gensini scoring system [16], which grades 
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Table I. Comparison of two groups due to different 
parameters 



Parameter 


Group 


Mean ± SD 


Value of p 


Age [year] 


Control 


59.64 ±8.1 


0.72 




CAD 


61.44 ±7.5 




Inhibin-B [ng/1] 


Control 


152.4 ±19.83 


0.004 




CAD 


134.6 ±26.73 




Testosterone 


Control 


6.37 ±3.09 


0.0001 


[ng/ml] 


CAD 


3.14 ±1.53 




Testicular volume 


Control 


23.42 ±9.1 


0.001 


[ml] 


CAD 


18.61 ±7.6 




FSH [mlU/ml] 


Control 


7.67 ±5.71 


0.24 




CAD 


6.26 ±6.04 




LH [mlU/ml] 


Control 


6.45 ±2.81 


0.98 




CAD 


6.43 ±8.36 




HDL[mg/dl] 


Control 


47.44 ±9.94 


0.89 




CAD 


47.11 ±14.82 




LDL [mg/dl] 


Control 


116.19 ±33.62 


0.29 




CAD 


123.92 ±37.08 




Blood glucose 


Control 


106.89 ±25.25 


0.018 


[mg/dl] 


CAD 


121.10 ±30.43 




Gensini score 


Control 








CAD 


51.33 ±34.96 





narrowing of the lumens of the coronary arteries 
as 1 for 1-25% narrowing, 2 for 26-50% narrowing, 
4 for 51-75% narrowing, 8 for 76-90% narrowing, 
16 for 91-99% narrowing, and 32 for total occlusion. 
This score is then multiplied by a factor that eval- 
uates the importance of the lesion's position in the 
coronary arterial tree with 5 for the left main coro- 
nary artery, 2.5 for the proximal LAD or proximal 
Cx, 1.5 for the mid-region of the LAD, and 1 for the 
distal LAD or mid-distal region of the Cx. A Gensini 
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6 th decade 7 th decade 8 th decade 

• Control group ^ CAD group 
Figure 1. Inhibin-B levels in both groups 



score between 1 and 20 was considered mild 
whereas a score of > 20 was considered severe 
coronary atherosclerosis. 

Statistical analysis 

Values are expressed as mean ± SD in the text 
unless otherwise stated. Differences between the 
groups were analyzed using the independent sam- 
ples test for continuous variables and Mann-Whit- 
ney test for categorical variables. The Pearson cor- 
relation coefficient was calculated between 
variables using a 2-tailed significance test for vari- 
ables. A value of p < 0.05 was considered statisti- 
cally significant. Data were analyzed using SPSS 
(Ver. 17.0, SPSS Inc., Chicago, IL). 

Results 

The findings of the CAD and control group are 
summarized in Table I. The mean ages in the CAD 
and control groups were 61.44 ±7.5 and 59.64 ±8.1 
years, respectively. We found that inhibin-B, total 
testosterone and testicular volume were statisti- 
cally significantly lower in the CAD group (p = 0.004, 
p < 0.0001, and p = 0.001 respectively). Inhibin-B 
levels were lower in CAD groups for all three 
decades (see Figure 1). In addition, fasting blood 
sugar levels were found higher in the CAD group 
(p = 0.018). 

The correlations between the variables studied 
within CAD groups are shown in Table II. Negative 
correlations were found between the Gensini score 
and HDL and between testosterone and fasting 
blood sugar levels in the CAD group {r = -0.393, 
p = 0.007, r = -0.228, p = 0.029 respectively), but 
no other correlations were found in the CAD group. 
Adjusting the analysis for age, testosterone, inhib- 
in-B, and testicular volume did not modify this asso- 
ciation. 

Discussion 

This is the first report to analyze the relationship 
between CAD, testicular volume and serum inhib- 
in-B levels in elderly men in detail. To the best of 
our knowledge, we have shown for the first time 
that serum inhibin-B levels and testicular volume 
were significantly lower in patients with CAD who 
have preserved EF than in non-CAD cases. In order 
to study the impact of atherosclerosis on Sertoli 
cells in aging males, in whom we cannot perform 
testicular biopsy purely for research purposes, we 
measured the levels of inhibin-B in serum instead. 

There are only a few studies that examine ath- 
erosclerosis and histological changes in the testes 
of aging men [5, 7, 17-19]. In these studies, data are 
obtained from autopsies and those studies sug- 
gested that microangiopathic degeneration is 
a characteristic finding for testicular senescence. 
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Table II. Correlation analysis of age, Gensini score, T levels, inhibin-B level, testicular volume and other parameters 
in the CAD group 



Para mptpr 


App 




Gensini score 


Inhibin-B 


Testosterone 


Testicular volume 








X 


P 


X 


P 


X 


P 


X 


P 


Ape 


1 




0 191 




0 090 


0 539 


0 035 


0 811 


—0 086 


0 490 


Cipnsini srnrp 


0.191 


0.198 






U.U/ J 


U.Ol/ 


— n i qs 


n 173 


0 034 


0 690 


Inhibin-B 


0.090 


0.539 


0.073 


0.617 


1 




0.275 


0.053 


0.162 


0.286 


Testosterone 


0.035 


0.811 


-0.198 


0.173 


0.275 


0.053 


1 




0.092 


0.520 


Testicular 
volume 


-0.086 


0.490 


0.034 


0.690 


0.162 


0.286 


0.092 


0.520 


1 




FSH 


-0.001 


0.997 


-0.039 


0.797 


-0.082 


0.576 


-0.227 


0.120 


0.120 


0.522 


LH 


0.109 


0.455 


-0.082 


0.577 


0.037 


0.799 


-0.078 


0.588 


0.164 


0.395 


HDL 


0.087 


0.562 


-0.393 


0.007 


-0.152 


0.303 


0.026 


0.863 


-0.192 


0.246 


LDL 


0.010 


0.949 


0.143 


0.342 


0.225 


0.125 


0.170 


0.253 


0.122 


0.248 


Blood glucose 


0.152 


0.151 


0.275 


0.078 


-0.090 


0.395 


-0.228 


0.029 


-0.124 


0.516 



Klein et ai [5] reported that atherosclerosis in the 
testicular vessels correlated only partly with the 
degree of general atherosclerosis. Contrary to the 
expectation, their findings showed that excessive 
pathological alterations of the testicular arteries 
were not correlated with testicular volume. How- 
ever, normal spermatogenesis was found in a re- 
markable number of cases with excessive vessel 
alterations, evidently independent of the degree of 
stenosis. In our study, we found that testicular vol- 
ume and inhibin-B levels, which are accepted as 
markers of testicular function, decreased in patients 
with severe CAD. The findings of a study done by 
Regadera [7] were similar to our study results. The 
study reported that testicular alterations in elderly 
men were correlated with the degree of aortic ath- 
erosclerosis. In addition, their results suggested that 
systemic arteriosclerosis leads to a decline in tes- 
ticular function with age. 

Decrease in testicular function with age has 
a complex mechanism. Significant reductions in lev- 
els of inhibin-B and inhibin-B/FSH ratio with age 
have been reported [20] before. When two groups 
were assessed separately in our study, no signifi- 
cant change in FSH and inhibin-B levels with age is 
found. Moreover, when the two groups were com- 
pared, no difference was found in FSH levels. On 
the other hand, inhibin-B levels were found to be 
significantly reduced in the CAD group. Age-relat- 
ed differences in the human testis include reduc- 
tions in the volume or number of T-producing Ley- 
dig cells and changes in the morphology and 
number of Sertoli cells [21]. In the light of these find- 
ings, the mechanisms which are responsible for 
age-related decline in testicular function are intrin- 
sic to the testis or they happen in addition to 
defects in the hypothalamic-pituitary-gonadal axis 
[22]. The results of our study tend to support the 



idea of deterioration in testicular function and it 
may have intrinsic causes rather than being caused 
by a decline in hormonal control mechanisms. 
According to our results, aging itself did not affect 
inhibin-B levels, yet inhibin-B levels were lower in 
patients who have CAD. Therefore, we suggested 
that atherosclerosis is a very important factor for 
deterioration of testicular function. 

Global testicular Sertoli cell function and sper- 
matogenesis activity in ambulatory elderly men, as 
assessed indirectly through serum inhibin-B levels, 
appear to be well maintained [23]. Similarly in our 
study, we found that inhibin-B levels were normal 
in the control group and there was no significant 
reduction with aging. Also no significant reduction 
in average testis volume with age was found. 

There is a strong association between total tes- 
ticular volume and serum inhibin-B levels reported 
in young men [13] and this is also true for the eld- 
erly [8]. Multivariate analyses show that in the eld- 
erly but not in young males, serum inhibin-B is 
associated with testicular volume independent from 
serum FSH levels. In our study both groups' FSH lev- 
els were similar, but inhibin-B levels were lower in 
the CAD group. This finding supports Mahmoud 
etal.'s statement that inhibin-B may be related to 
testis volume without regard to FSH. 

There are a few detailed studies on spermato- 
genic function of the testis in aging men. A variety 
of reports have suggested that testicular volume 
decreases with age [24]. According to Paniagua et 
ai, although the volume occupied by the seminif- 
erous tubules decrease with age, the volume occu- 
pied by the testicular interstitium remains constant 
[25]. Since over 90% of testicular volume is occu- 
pied by the seminiferous tubules [26], spermato- 
genesis probably decreases in parallel with the 
decline in overall testicular size. According to Yang 
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et at, testicular volume and metabolism remain rel- 
atively constant with only a minimal decrease 
between the ages of 40 and 60 years. After the age 
of 60 years, testicular volume decreases signifi- 
cantly, while testicular metabolism decreases pro- 
gressively until the age of 90 years [6]. In our study, 
no significant reduction in testis volume with age 
was found. However, the average testicular volume 
of patients with CAD was significantly lower than 
the control group. 

In our study there is no correlation between 
Gensini score and inhibin-B or testicular volume in 
CAD patients, yet inhibin-B levels and testicular vol- 
ume were lower in men with CAD than in healthy 
men. What we found interesting is that inhibin-B 
levels and testicular volume do not change with 
age in either group. According to our findings, the 
association between inhibin-B and CAD is not clear. 
The issue of the importance of inhibin-B in CAD 
needs more studies [27]. 

Our study has some limitations. One might ques- 
tion whether in a cross-sectional study the sample 
is representative for the general population. Indeed, 
our study population was relatively small and we 
cannot exclude that the small sample size, even 
when based on power calculations, can explain the 
lack of significance for correlations of serum inhib- 
in-B levels, testicular volume and Gensini scores. 
However, assessing the association between serum 
inhibin-B levels might be considered if hundreds of 
patients can be investigated in multi-centered, 
prospective, and longitudinal studies with the par- 
ticipation of men under the age of 50 years. 

In conclusion, although no correlation was found 
between Gensini score and inhibin-B or testicular 
volume in CAD patients, inhibin-B levels and tes- 
ticular volume were significantly lower in men who 
had CAD as well as preserved EF than in healthy 
men. Also in men who have CAD between the ages 
of 50 and 80 years, levels of inhibin-B and testis 
volume did not change with age. The fact that 
Gensini score, inhibin-B levels and testis volume do 
not change with age suggests that the testicular 
and cardiac effects of atherosclerosis occur and sta- 
bilize well before the age of 50 years. In order to 
fully assess the association between serum inhib- 
in-B levels and CAD, multi-centered prospective and 
longitudinal studies must be carried out with the 
participation of men under the age of 50 years. 
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